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Chairman:    Prof. Ghizan Saleh, PhD 

Faculty:        Agriculture  

 

A study was conducted to evaluate the potential of sweet corn inbred lines developed 

from different source populations, to determine genetic diversity among those inbred 

lines based on agronomic performance and microsatellite DNA markers, to identify 

major heterotic groups among the inbred lines for selection of potential parents for 

hybrid production, and to evaluate combining abilities among selected parental inbred 

lines in a diallel cross. Performance and heterosis of the single-cross hybrids were 

evaluated at two different locations, Serdang and Sepang. Genetic distances among the 

inbred lines revealed by the microsatellite markers were used to predict hybrid 

performance.   

 

Thirteen selected sweet corn inbred lines adapted to the tropical environment were 

evaluated for their performance. Significant variations in agronomic performance were 

revealed by the inbred lines evaluated, indicating the presence of high genetic diversity 
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among them for potential utilization towards production of hybrid varieties. Among the 

inbred lines, the highest husked fresh ear yield was obtained from TSN-S8 with value of 

6549 kg ha
-1

, but this was not significantly higher than those obtained from TSK-S8, 

BAK-S8 and MAN-S8 (6483, 6402 and 5798 kg ha
-1

, respectively).  

 

Microsatellite markers exhibited high Shannon’s information index (I), Nei’s expected 

heterozygosity (Nei’s), and polymorphic information content (PIC), with mean values of 

1.053, 0.586 and 0.582 respectively, indicating their appropriateness in detecting genetic 

variability among the inbred lines. Molecular analysis of variance showed that 92.88% 

of the total variation occurred among the inbred lines while only 7.11% occurred within 

the inbred lines. Shannon’s information index and Nei’s gene diversity coefficient 

showed that Chromosome 10 was the most informative chromosome (I = 1.311 and 

Nei’s = 0.703), while Chromosome 2 had the least variation among the chromosomes 

evaluated (I = 0.762 and Nei’s = 0.456). Chromosome 4 was found to possess the 

highest number of pairs of alleles in linkage disequilibrium (122 pairs), while 

Chromosome 6 was found to have only six pairs of alleles in linkage disequilibrium. 

The inbred lines were assigned into five main heterotic groups based on their agronomic 

and molecular characteristics. MAS-S8, DFS-S8, TSN-S8, TZF-S8 and SBY-S8 each 

from a different heterotic group were selected as parental inbred lines for a diallel cross.  

 

From results of evaluations on the hybrids, Hybrids H2 and H1 were found to have the 

highest fresh ear yield in Serdang, with mean values of 15475 and 15124 kg ha
-1

, 

respectively, while Hybrids H3 and H1 revealed the highest fresh ear yield  in Sepang 

(15143 and 14998 kg ha
-1

, respectively). There was no significant difference in fresh ear 
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yields between these hybrids and that of the control variety (Hybrid 968), indicating that 

fresh ear yield of these hybrids could be comparable to those of the commercial hybrids 

available in the market. Among the traits measured, husked fresh ear yield exhibited the 

highest mid- and high-parent heterosis at the two locations of study.  In general, Hybrids 

H1, H2 and H3 had high and consistent estimates of mid- and high-parent heterosis for 

all traits measured, indicating that they accumulated favorable genes possessed by their 

parental inbred lines. 

 

Combining ability analysis revealed presence of significant additive and non-additive 

gene actions in control of the traits measured. However, additive gene effects were 

found to be relatively more important in the control of yield and yield components in the 

hybrids, based on greater GCA mean squares than SCA mean squares that they 

possessed. DFS-S8, with the highest positive and significant GCA for husked fresh ear 

yield in Serdang, Sepang and the two locations combined (3091.54, 2370.98 and 

2731.26 respectively), was identified as the best general combiner among the parental 

inbred lines for high yield and yield components in its crosses. DFS-S8 X MAS-S8 

(H3), DFS-S8 X SBY-S8 (H4), TFZ-S8 X TSN-S8 (H5) and TFZ-S8 X SBY-S8 (H7) 

were the best cross combinations, with favorable positive SCA estimates for yield and 

yield related traits at each location and locations combined. The Wr-Vr graphical 

analysis showed that non-additive gene effects that controlled the traits were 

overdominance for all traits measured. The overdominance mode of gene action was 

also revealed through greater estimates of variation due to dominance effects of genes 



© C
OPYRIG

HT U
PM

vi 

 

(H1 and H2) than additive effect (D), and estimates of average degree of dominance 

higher than unity. 

 

The high true-sense heritability estimates (more than 50%) revealed the presence of high 

proportion of genetic variability in the whole phenotypic variability, while the presence 

of high broad-sense heritability estimates (more than 80%) indicate a close 

correspondence between the genotype and the phenotype, due to a relatively smaller 

contribution of the environment to the phenotype. The narrow-sense heritability 

estimates revealed were however generally lower than the broad-sense heritability 

estimates, indicating the preponderance of non-additive gene actions in the inheritance 

of all traits measured. 

 

Significant positive associations were obtained between genetic similarities of the 

parental inbred lines estimated based on microsatellite markers with more than 30% 

polymorphic bands and SCA estimates for number of ears per hectare, husked and 

dehusked ear weights, TSS, husked and dehusked ear diameter and number of kernels 

per row. This indicates the effectiveness of molecular markers for prediction of hybrid 

performance from those tropical sweet corn inbred lines. In conclusion, among the 10 

tropical hybrids produced, Hybrids H1, H2 and H3 exhibited high yield performance 

and high magnitude of yield components at each location and the two locations 

combined. It is thus suggested that these promising hybrids be further tested in large 

scale multi-locational trials before their release as new tropical sweet corn hybrid 

varieties in Malaysia.  
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MIKROSATELIT DNA  

Oleh 

 

PEDRAM KASHIANI 

Mei 2012 

 

Pengerusi:    Prof. Ghizan Saleh, PhD 

Fakulti:        Pertanian 

 

Satu kajian telah dijalankan untuk menilai potensi titisan-titisan inbred jagung manis 

yang dibentuk daripada sumber populasi yang berbeza, untuk menentukan kepelbagaian 

genetik di kalangan titisan-titisan inbred berkenaan berdasarkan prestasi agronomi dan 

penanda DNA mikrosatelit, untuk mengenalpasti kumpulan-kumpulan heterotik utama 

di kalangan titisan-titisan inbred tersebut untuk pemilihan induk yang berpotensi bagi 

pengeluaran hibrid, dan untuk menilai keupayaan bergabung di kalangan induk titisan 

inbred terpilih dalam kacukan diallel. Prestasi dan heterosis hibrid-hibrid kacukan 

tunggal dinilai di dua lokasi yang berbeza, Serdang dan Sepang. Jarak genetik di 

kalangan titisan-titisan inbred yang ditunjukkan oleh penanda mikrosatelit digunakan 

untuk meramalkan prestasi hibrid. 

 

Tiga belas titisan inbred jagung manis yang telah beradaptasi di persekitaran tropika 

telah dinilai untuk prestasinya. Variasi yang ketara dalam prestasi agronomi telah 
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ditunjukkan oleh titisan-titisan inbred yang dinilai, menunjukkan terdapatnya 

kepelbagaian genetik yang tinggi di kalangannya untuk potensi penggunaan ke arah 

pengeluaran varieti hibrid. Di kalangan titisan-titisan inbred, hasil tongkol segar berkulit 

tertinggi diperolehi dari TSN-S8 dengan nilai 6549 kg ha
-1

, tetapi ianya secara 

berertinya tidak lebih tinggi daripada yang diperoleh dari TSK-S8, BAK-S8 dan MAN-

S8 (masing-masing 6483, 6402 dan 5798 kg ha
-1

). 

 

Penanda mikrosatelit menunjukkan nilai yang tinggi bagi maklumat indeks Shannon (I), 

heterozigositi dijangka Nei (Nei’s), dan kandungan maklumat polimorfik (PIC) dengan 

nilai min masing-masing sebanyak 1.053, 0.586 dan 0.582, menunjukkan kesesuaiannya 

dalam mengesan variabiliti genetik di kalangan titisan-titisan inbred tersebut. Analisis 

varians molekul menunjukkan bahawa 92.88% daripada jumlah variasi berlaku di 

kalangan titisan inbred manakala hanya 7.11% berlaku dalam titisan inbred. Indeks 

maklumat Shannon, dan pekali kepelbagaian gen Nei menunjukkan bahawa Kromosom 

10 adalah kromosom yang paling bermaklumat (I =1.311 dan Nei’s = 0.703), manakala 

Kromosom 2 mempunyai variasi yang paling rendah di kalangan kromosom yang dinilai 

(I = 0.762 and Nei’s = 0.456). Kromosom 4 didapati mengandungi bilangan pasangan 

alel yang tertinggi dalam ketakseimbangan rangkaian (122 pasang), manakala 

Kromosom 6 didapati mengandungi hanya enam pasangan allel dalam ketakseimbangan 

rangkaian. Titisan inbred dibahagikan kepada lima kumpulan heterotik utama 

berdasarkan kepada ciri-ciri agronomi dan molekul. MAS-S8, DFS-S8, TSN-S8, TZF-

S8 dan SBY-S8, tiap satunya dari kumpulan heterotik yang berbeza telah dipilih sebagai 

induk titisan inbred untuk kacukan diallel.  
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Daripada keputusan penilaian hibrid, Hibrid H2 dan H1 didapati mempunyai  hasil 

tongkol segar yang tertinggi di Serdang dengan nilai min sebanyak masing-masing 

15475 dan 15124 kg ha
-1

, manakala hibrid H3 dan H1 didapati mempunyai hasil tongkol 

segar tertinggi di Sepang (masing-masing 15143 dan 14998 kg ha
-1

) di Sepang. Tidak 

terdapat perbezaan yang bererti dalam hasil tongkol segar antara hibrid-hibrid tersebut 

dan varieti kawalan (Hybrid 968), menunjukkan bahawa hasil tongkol segar hibrid 

tersebut setanding dengan hasil hibrid komersial yang terdapat dalam pasaran. Antara 

sifat-sifat yang diukur, hasil tongkol segar berkulit mempamerkan heterosis pertengahan 

induk dan induk terbaik yang tertinggi di dua lokasi kajian. Secara amnya, Hibrid H1, 

H2 dan H3 memperolehi anggaran heterosis pertengahan induk dan induk terbaik yang 

tinggi dan konsisten untuk semua sifat-sifat yang diukur, menunjukkan bahawa ianya 

telah menghimpunkan gen-gen yang diingini yang dimiliki oleh titisan-titisan induk 

inbrednya sebagai. 

 

Analisis keupayaan bergabung menunjukkan terdapatnya tindakan gen menambah dan 

tidak menambah yang bererti dalam pengawalan ciri-ciri yang diukur. Walau 

bagaimanapun, kesan gen menambah didapati secara perbandingannya, lebih penting 

dalam pengawalan hasil dan komponen-komponen hasil di dalam hibrid-hibrid, 

berdasarkan varians GCA yang lebih besar daripada varians SCA yang dimilikinya. 

DFS-S8 dengan GCA positif dan bererti yang tertinggi untuk hasil tongkol segar 

berkulit di Serdang, Sepang dan apabila kedua-dua lokasi digabungkan (masing-masing 

3091.54, 2370.98 dan 2731.26) telah dikenalpasti sebagai penggabung am yang terbaik 

di kalangan induk titisan inbred bagi hasil dan komponen-komponen hasil yang tinggi 
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dalam kacukannya. DFS-S8 × MAS-S8 (H3), DFS-S8 × SBY-S8 (H4), TFZ-S8 × TSN-

S8 (H5) dan TFZ-S8 × SBY-S8 (H7) adalah kombinasi kacukan terbaik, dengan 

anggaran SCA positif yang diingini bagi hasil dan ciri-ciri yang berkaitan hasil di setiap 

lokasi dan apabila kedua-dua lokasi digabungkan. Analisa grafik Wr-Vr menunjukkan 

bahawa kesan gen bukan menambah yang mengawal ciri-ciri adalah kesan dominan 

melampau untuk kesemua ciri-ciri yang diukur. Mod tindakan gen dominan melampau 

juga ditunjukkan melalui anggaran variasi yang lebih besar yang diakibatkan oleh kesan 

gen dominan (H1 dan H2) berbanding kesan gen menambah (D), dan anggaran purata 

darjah dominan yang lebih tinggi daripada satu.  

 

Anggaran kebolehwarisan sebenar yang tinggi (lebih daripada 50%) menunjukkan 

wujudnya sebahagian besar daripada variabiliti genetik pada keseluruhan variabiliti 

fenotip, manakala kewujudan anggaran kebolehwarisan luas  yang tinggi (lebih daripada 

80%) menunjukkan perkaitan yang rapat antara genotip dan fenotip, disebabkan oleh 

sumbangan persekitaran yang agak kecil kepada fenotip. Anggaran kebolehwarisan 

sempit yang dipamerkan bagaimanapun pada umumnya lebih rendah daripada anggaran 

kebolehwarisan luas, menunjukkan kewujudan  tindakan gen bukan menambah yang 

tinggi dalam pewarisan semua ciri-ciri yang diukur. 

 

Perkaitan yang positif secara bererti telah diperolehi antara persamaan genetik induk 

titisan inbred yang dianggarkan berdasarkan penanda mikrosatelit dengan lebih daripada 

30% jalur polimorfik dan anggaran SCA untuk bilangan tongkol sehektar, berat tongkol 

berkulit dan tanpa kulit, jumlah kepekatan pepejal terlarut (TSS), diameter tongkol 
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berkulit dan tanpa kulit dan bilangan bijian sebaris. Ini menunjukkan keberkesanan 

penanda molekul bagi menjangka prestasi hibrid dari titisan inbred jagung manis tropika 

tersebut. Kesimpulannya, antara 10 kacukan hibrid-hibrid tropika yang telah dihasilkan, 

Hibrid H1, H2 dan H3 mempamerkan prestasi hasil yang tinggi dan magnitud 

komponen-komponen hasil yang tinggi di setiap lokasi dan gabungan antara kedua-dua 

lokasi. Oleh itu adalah dicadangkan bahawa hibrid-hibrid yang berpotensi ini diuji 

selanjutnya di dalam pengujian pelbagai lokasi yang berskala besar sebelum 

diisytiharkan sebagai varieti hibrid jagung manis tropika yang baharu di Malaysia. 
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